Antisera were prepared to urate oxidase derived from three microbial species, a yeast (Candida utilis), a mold (Aspergillus flavus), and a bacterium (Bacillus fastidiosus). The antisera inhibited enzyme activity to a limited extent. Cross-reaetion studies with preparations of the enzyme from these and other species indicated that the microbial enzyme exhibits a high degree of antigenic independence. This appeared to be particularly true of the bacteria studied.
MATERIALS AND METHODS
Production of antisera and immunodiffusion technique. The antigens used were urate oxidase derived from Aspergillus flavus, Bacillus fastidiosus, and Candida utilis. The C. utilis enzyme was Sigma type IV urate oxidase. P. Laboureur donated the A. flavus enzyme and L. Mahler donated the B. fastidiosus enzyme. Guinea pigs were immunized subcutaneously using a solution containing 5 .0 IU of enzyme emulsified with an equal volume of Freund complete adjuvant. Each animal received at least three injections at 10-day intervals before bleeding. Antisera were studied using the micro-Ouchterlony technique, and undiluted antiserum was used in all cross-reaction studies. The amount of antigen necessary to form a visible precipitin line with the homologous antiserum was determined empirically. In general, a concentration of approximately 0.8 IU/ml was found to yield a satisfactory precipitin line. All immunodiffusion patterns were stained with enzyme stain whether or not a precipitin line was visible.
The use of specific enzyme stain permits cross-reactions to be evaluated with greater validity.
Enzyme stain, assay, and precipitation. The solution used for staining the precipitin pattern was that developed by Graham and Karnovsky (4) for the histological detection of urate oxidase. In all cases, 5,6,7,8,-tetrahydro-l-naphthylamine was added to the solution. After immunodiffusion 1 or 2 drops of stain was placed over the precipitin pattern to form a bolus and was incubated either at 37 C for 1 h or at room temperature (20 C) overnight. Staining allows the specific detection of urate oxidase complexes, thus increasing the sensitivity of the technique. Enzyme activity was assayed in a Unicam S.P. 800 spectrophotometer with a thermostatted cell holder at 293 nm. The substrate was 0.0001 M uric acid in 0.02 M borate buffer, pH 9.0.
Incubation with homologous antigen was carried out at room temperature, 20 C. To 0.8 ml of buffer (0.02 M borate, pH 9.0) was added 0.1 ml of antiserum and 0.1 ml of the antigen solution (2 IU/ml). The reaction was performed in a 1-ml cuvette (light path, 20 mm), and the rate of precipitation (turbidity) was followed in a Unicam S.P. 800 spectrophotometer at 500 nm. The extinction rose rapidly in the first 30 min and thereafter it rose only very slowly, indicating that the bulk of the precipitation took place quickly. The solutions were allowed to stand overnight and were then assayed for enzyme activity and compared to controls (normal serum).
Culture of organisms. Neurospora crassa (CMI 53238ii), Schizophyllum commune (IMI 93108), Penicillium expansum (CMI 39761), Schizosaccharomyces octosporus (CMI 140427), and Aspergillus nidulans (local culture) were grown in a liquid medium (2%, wt/vol; Oxoid [London]) malt extract containing two tablets of Oxoid nutrient broth no. 2 per 100 ml). Bacillus megaterium (IMD 15; Industrial Microbiology Department, University College, Dublin) was grown on a minimal salt medium containing 1% (wt/vol) sucrose as energy source, since addition of urate to nutrient broth did not lead to production of detectable levels of the enzyme in this organism. All media were adjusted to a concentration of 0.5 g of uric acid per liter, the pH being maintained constant during this adjustment with sodium hydrox-ide. The media were thus supplemented, because the levels of enzyme in the microorganisms were low when grown in the absence of urate. All the organisms were grown in 4-oz (ca. 190-ml) culture flasks.
Harvesting and extraction of organisms. The molds were harvested by filtration, assisted by compression of the mycelium with a spatula. The organisms were broken by shaking in a Mickle disintegrator (2 g of glass beads; type 100-500 S 13M Co., St. Paul. Minn.] and 10 ml of 0.1 M Na2CO3, pH 10.0, per g of compressed mycelium) for two 10-min periods. The yeast and bacteria were collected by centrifuging, suspended in the same buffer, and disrupted in an X press (A.B. Biox, model X25). Cell debris was removed by centrifuging (37,000 x g for 30 min), and the supernatants were assayed for enzyme activity. To obtain samples of enzyme of sufficient concentration (see above) for immunodiffusion, the A. nidulans extract was concentrated 10-fold in an ultrafiltration cell (Amicon N.V., Holland) with a UM-10 membrane. The other extracts were fractionated by ammonium sulfate precipitation, and the 25 to 657 pellet was dissolved in 0.1 M Na2CO:.
RESULTS
Incubation studies indicated that the antigen retained enzymatic activity after precipitation with homologous antiserum. The degree of inhibition observed depended on the specific system studied, but was in all cases less than 2057( and thus allowed specific staining of the precipitin lines.
The microbial urate oxidase exhibited a considerable degree of antigenic independence. When each of the three antigens used in produc-B tion of the antisera was tested for cross-reaction with the heterologous antisera, no precipitin lines were formed. Serial dilution of antigen has shown that staining can reveal the presence of a precipitin reaction in the absence of visible precipitin lines. Such a situation is likely to arise when either the antigen concentration is low or a heterologous antigen sharing a limited number of determinants is being studied. Incubation of the slides with the enzyme stain did not, however, reveal any evidence of weak reactions (Fig. 1) The antiserum also failed to react with the other bacterial and yeast enzymes studied. As A. nidulans is the more closely related species from which the two cross-reacting enzymes were derived, the nature of the intrageneric reaction was studied. The reaction was one of partial identity only (Fig. 2) tract and stronger than that between the same antiserum and the P. expansum extract, despite the lower concentration of the yeast enzyme (0.2 IU/ml). The reaction between the yeast enzyme and the C. utilis antiserum was one of partial identity, as spur formation was observed. C. utilis antiserum failed to crossreact with extracts of the other fungi and the bacterium except in the case of the N. crassa extract, with which it formed a weak line.
Antiserum to the B. fastidiosus enzyme failed to cross-react with an extract of urate oxidase from B. megaterium. Not surprisingly, in view of the absence of an intrageneric reaction, neither did it react with any of the other preparations of microbial urate oxidase studied. The various interreactions are summarized in Table 1 .
DISCUSSION
The development of an immune response after prolonged administration of urate oxidase is an undesirable side effect in this mode of therapy of hyperuricemia. One way of extending this form of treatment would be the sequential use of enzyme preparations that are known to be immunologically independent of one another. Since vertebrate urate oxidase is not immunologically independent (3), the investigation of immunological dependence of microbial urate oxidase was undertaken. The existence of complete antigenic independence between the enzymes of the yeast, the mold, and bacterium used in the production of antisera indicate the possibility of using such sources of enzyme for use in therapy, as they are commercially available. Although the Aspergillus enzyme exhibited an intrageneric reaction of partial iden- only one determinant group. The yeast enzyme appears to possess a similar degree of homology to the Aspergillus enzyme in that it crossreacts with other members of the class to which it belongs, but this reaction is one of partial identity. In addition, determinants on the yeast molecule are not confined to the yeasts but also occur on molds, as evidenced by the ability of antiserum to the C. utilis enzyme to react with the enzyme from another ascomycete, N. crassa. Bacterial urate oxidase would appear to differ substantially from the fungal enzyme in exhibiting an even greater degree of antigenic independence, as evidenced by the failure of B. fastidiosus antiserum to react with enzyme from another species of the same genus.
In general, it appears that considerable alteration in the structure of urate oxidase among the protists has occurred. If one regards Aspergillus as belonging to the class Fungi imperfecti, then no cross-reactions were observed between enzymes from any one microbial class and antiserum to enzymes from another class. Furthermore, cross-reactions within classes and genera are of partial identity, indicating that even relatively closely related species still show heterogeneity of the enzyme molecule. A possible explanation for this apparent lack of homology would be if the microbial enzymes possessed few determinant groups. In the case of the urate oxidases so far studied, the molecular weight was found to be in the region of 100,000 or more (6, 7) , so the enzyme could reasonably be expected to possess a number of determinant groups. It would thus appear that microbial urate oxidase possesses a low degree of immunological homology.
